The current research copes with the optimization of the surface heat transfer coefficients of a square mild steel test specimen by spray impingement cooling. A laboratory scale experimental setup was developed at School of Mechanical Engineering KIIT University, Odisha, India to investigate the role of various process parameters to enhance the heat transfer from the surface of the heated steal specimen. The mild steel plates of dimension 120 mm × 120 mm, and different thicknesses of 4 mm, 6 mm and 8 mm were used in the experiment. The effect of the process parameters such as thickness of the tested plate, nozzle to plate distance, air and water pressure upon the surface heat transfer coefficient (HTC) was optimized. The optimization of the controlling parameters was carried out by using the desirability functions. The Design Expert 8 software was used to analyze the experimental results. A new correlation was developed for optimization of the surface heat transfer coefficient.
Introduction
In present scenario, the modern constructions and fabrications required high strength and good workability steel. The most effective process upon which the mechanical properties of the steel depends is the Run out Table cooling. Generally, the multiphase microstructure of steels are controlled by very high cooling rates which is not possible with the conventional laminar jet cooling because of development of stable film boiling on the hot test surface which precludes the heat transfer. Several drawbacks of conventional laminar cooling lead to the development of Ultra-Fast cooling for removal of large heat flux from the hot surfaces. In air assisted spray impingement cooling technique, the compressed air is used to atomize the water particle into very tiny droplets and impinged on the hot surface to be cooled. Sprays make use of the momentum of liquid entering the spray nozzle to disintegrate into very high quality fragments, which strike separately upon the hot surface. The breakup of tiny droplets increases the surface area to volume ratio of the liquid and helps to produce a wellproportioned spatial distribution of heat removal both in the single-phase and nucleate boiling regimes.
Another main feature of spray impingement cooling is defermenting liquid separation from the surface during vigorous boiling. By bombarding the total surface with tiny droplets, the momentum of the individual droplet is more efficient at resisting the momentum of vapour perpendicular to the surface than a wall jet. Mudawar and Estes (1996) experimentally investigated the effect of nozzle height on critical heat flux for spray cooling of a heated square surface by full cone sprays of Fluorinert FC-72 and FC-87. The results revealed that the critical heat flux was peak for the spray strike area engraves the heated plane and the value is very small for small nozzle height. Díaz et al. (2013) carried out experiments on water droplet during a gas impact on a heated plane. Further they compared their experimental results with that of conjugate solution and volume of fluid (VOF) simulation results. They concluded that the temperature variation was diffusion dominated during the early stages because of the stagnant droplet impact velocity. Naz et al. (2013) had the objective of analysing the dynamics of water spray split, swirl formation, fragment size dispensation in situations where temperature and pressure vary continuously. They found that injection of thermal energy into the spray is the most important spray boundary condition. It strongly affects spray width, length, penetration and Weber Number. Seraj et al. (2013) had a study which reported an investigation on damped space arises because of the heat loss from aluminium surface under spray impingement at varied fluid flow rates, nozzle height. They have concluded that wetting did not start upon spray impingements and there was a delay in wetting initiation in spite of the instant wetting, observed in experiments with water circular jet. Galvan et al. (2013) investigated on the impact of the spray cone angle on heat transfer and film thickness. The conclusion that could be dragged out was that thermal performance decreases with increase in spray cone angle. Yu Hou et al. (2013) investigated on the phase transition spray heat transfer phenomena. They designed a R22 pressure spray cooling system for experimentation. They tested the cooling system at fixed spray pressure range between 0.6 MPa and 1.0MPa. The air atomized cooling provided a very high cooling rates and it could be applied to produce high strength steel run out table (ROT). Ravikumar et al. (2013) used different surfactant of various concentrations with water in spray cooling technique to embellish the cooling rate. The authors concluded from the results that both type and concentrations of surfactants have strong predominance on cooling rate and surfactant having less foam formability ability exile more heat from test heated surface. Lijun Houa et al. (2012) carried out investigation to check the heat transfer efficiency of water, nitrogen and quenching oil interms of temperature variance and cooling velocity. The result showed that the nitrogen-spray water had more cooling capacity compared to that of only water. Temperature variances between exteriorinterior surfaces in case of nitrogen water are less than water. They obtained a lesser thermal stress and thermal deformation of the object in case of nitrogen spray water quenching during testing at a fixed cooling velocity. Ebadian et al. (2011) investigated the removal techniques of high-heat-flux. Studies were done on micro channels, sprays, wettability effects, jet impingements. The experimentation has given the conclusion that High-Heat-flux can be removed by individual or hybrid methods using multiple cooling techniques. Wettability can increase heat transfer rate but that is affected by micro channels. Bahman et al. (2011) obtained heat transfer measurements on smooth flat surface with help of an array of micro heaters. The experiments were done for different nozzle to heater distance, operating pressure and different sub cooling levels. The conclusion clarifies that local impingement pressure plays a vital role in both single phase and multi-phase spray cooling. Wendelstorf et al. (2008) studied about the transfer of heat during the water spray cooling of clean surface using full cone nozzles (Vd =14 m/s, dd=350 lm) within the parameter range of Vs=3-30 Kg/ (m 2 .s). The temperature was kept between 200-1100 0 C. The stable film boiling regime depicts decreasing HTC with temperature difference. 11% better accuracy was achieved in the film boiling regime. The maximum heat flux was between 15.7kg/m 2 s to 24.9 kg/m 2 s. Pautsch and Shedd (2005) used different nozzle patters for parametric study of spray cooling method. They found that the configuration of bank of nozzles had no significant influence on the overall heat transfer capacity. Though the multi-jet arrays admitted for maximum heat fluxes, but did not utilized fluid more effectively because of interactions between neighbouring spray. Amir et al. (2014) used an analytical model for determination of critical droplet diameter in order to get an ultrafast cooling rate of 300 0 C. Fabbri and Dhir (2005) investigated the effect of micro jet arrays upon heat transfer by using water and FC40 as working fluid and obtained the maximum surface heat flux of 310 W/cm 2 with the help of 173.6 µm diameter water jets with impinging velocity of 12.5 m/s on a circular copper plate. Ravikumar et al. (2014) used aqueous polymer solution in spray cooling to enhance the surface heat flux as well as cooling rate and the optimum cooling rate found to be 253 0 C/s for an optimal polymer concentration. Though there are several process parameters that have influence on heat transfer, the current investigation is the optimization of the controlling parameters such as air-water pressure, nozzle tip to target spacing, and plate thickness on heat transfer efficiency of SIC.
Experimental Methodology

Experimental setup
The investigation was carried out with the help of a laboratory scale experimental setup developed at School of Mechanical Engineering KIIT University, Odisha, India as shown in Fig. 1 consists of several equipment, spray system, heating unit and a data acquisition system for temperature measurement. A reciprocating air compressor was used to supply compressed air to the spray setup for atomization of the water particle. The test specimens used in the investigations were of dimension 120 mm length and 120 mm width and of three different thickness such as 4 mm, 6 mm and 8 mm embedded with four Ktype thermocouples at various locations on the bottom surface of the specimen. The heating of the test plate was carried out with the help of an electric heater. The transient temperature data were recorded by the help of a CHINO data acquisition system and analysis of temperature data can be done through Zaila application software environment. 
Experimental Procedure
Initially, the test plate was heated up to the desired temperature by the help of an electric heater. During the interval of heating process, all the requisite equipment and measurements were set to the required levels. When the plate reached the desired temperature i.e. 900 0 C, it was shifted to the test bed below the air-atomized spray nozzle. Then by switching on the spray apparatus, the heated plate was cooled because of impact of the air assisted tiny water droplets coming out of the spray nozzle. The cooling process was carried out at various sets of water and air pressures ranging from 0 bars to 4 bars with different nozzle heights of 120 mm, 180 mm and 240 mm respectively. Data acquisition system served as an effective tool for recording the transient temperature data. The Box-Behnken design of response surface methodology (RSM) is used, as it performs non-sequential experiments having fewer design points to get the experimental design matrix. Water pressure, air Pressure, plate thickness and nozzle height are the input parameters. Three levels of the input parameters are used i.e. Low (-1), Mid (0), High (+1). Twenty seven experimental runs were obtained by the methodology to conduct the experiment. The Table 1 shows the input parameters with their levels and the coded design matrix. According to the experimental design matrix, 27 numbers of experiments were conducted at different process parameters. The outcomes of the investigations were computed systematically at various operating conditions with different process parameters. The Box Behnken RSM based Coded experimental design matrix is presented in Table 2 . 
Measurement of Response
The convective heat transfer is the transfer of heat from one place to another by the bulk movement of fluids. Convection is usually the dominant form of heat transfer in liquids and gases. The convective heat transfer coefficient or film coefficient, in thermodynamics is the proportionality coefficient between the heat flux and the thermodynamic driving force for the flow of heat i.e. the temperature difference. It depends on conditions in the boundary layer which are influenced by surface geometry, the nature of the fluid motion, type of media, gas or liquid, the transport properties such as velocity, viscosity and other flow and temperature dependent properties. Cooling rate (CR) is one of the most important factors to determine the heat transfer characteristics during cooling of a heated steel plate by air assisted spray impingement cooling.
From the computed transient temperature distribution curves for each thermocouple location, the corresponding optimum values of cooling rates were calculated by taking the peak values of temperature and time. The cooling rate can be determined by using Eq. (1). By putting the value of cooling rate in Eq. (2), the magnitude of HTC can be determined. 
Experimental Outcome
In this study, the response is the surface heat transfer coefficient which can be computed by using the Eq. (2) at various operating conditions. The magnitude of the outcome at different set of process parameters were depicted in Table 3 . 
Results and Discussion
Empirical Model Development
Response Surface Analysis
The statistical analysis of the experimental results was done by Design Expert 8 software. Fig. 2 shows the variation of HTC with respect to air pressure and water pressure. It is evident that the variation of HTC with variation of air pressure is less significant than water pressure. Highest value of HTC in this condition is achieved at low level of air pressure and high level of water pressure and vice-versa. This is because of when the air pressure is more; there is more effective atomization of the water particle and maximum blown up of the water vapour which reduces the heat transfer from the plate surface. Fig. 3 shows the variation of HTC with respect to water pressure and plate thickness. It is evident that the variation of HTC with variation of water pressure and air pressure is significant but inverse in nature i.e. with increase in plate thickness HTC decreases and with increase in water pressure HTC increases. Fig. 4 shows the variation of HTC with respect to water pressure and nozzle height. It is evident that the variation of HTC with variation of nozzle height is less significant than water pressure. The maximum value of HTC is achieved at high levels of both the inputs. Fig. 5 shows the variation of HTC with respect to air pressure and plate thickness. It is evident that the variation of HTC with variation of air pressure is less significant than plate thickness. It is found that with change in plate thickness the value of HTC increases and vice-versa. The maximum value of HTC is achieved at low level of plate thickness and high level of air pressure. Fig. 6 shows the variation of HTC with respect to nozzle height and air pressure. It is evident that the variation of HTC with variation of air pressure is less significant than nozzle height. The maximum HTC value is obtained at low level of air pressure and high level of nozzle height. Fig. 7 shows the variation of HTC with respect to nozzle height and plate thickness. It is evident that the variation of HTC with variation of nozzle height is less significant than plate thickness. It is found that with change in plate thickness the value of HTC increases and vice-versa. The maximum HTC value is obtained at high level of nozzle height and low level of plate thickness. 
Adequacy test of the Model
The Model F-value of 2.97 implies the model is significant. There is only a 3.32% chance that a "Model F-Value" this large could occur due to noise. Values of "Probability > F" less than 0.0500 indicate model terms are significant. In this case C, C 2 are significant model terms. The adequacy test data are presented in Table 4 . Values greater than 0.1000 indicate the model terms are not significant. If there are many insignificant model terms (not counting those required to support hierarchy), model reduction may improve your model. The "Lack of Fit F-value" of 4.14 implies the Lack of Fit is not significant relative to the pure error. There is a 21.00% chance that a "Lack of Fit F-value" this large could occur due to noise. Nonsignificant lack of fit is good --we want the model to fit. The P value is less than 0.05 that signifies that the model in the 95% confidence level. It can also be seen that the normal plot of residuals lie well near probable values those are predicted. The normal plot of residual is depicted in Fig. 8 . 
Desirability Function Analysis (DFA)
Desirability function, proposed by Derringer and Suich, which has been widely used since then in industry. Its aim is to find operating conditions that ensure compliance with the criteria of all the involved responses and, at the same time, to provide the best value of compromise in the desirable joint response. Derringer's desirability function allows the analyst to find the experimental conditions (factor levels) to reach, simultaneously, the optimal value for all evaluated variables, including the researcher's priority during the optimization procedure. The steps involved in formation of composite function are follows:
Step 1: The individual Desirability (di) for HTC is calculated from the data obtained during experiment for maximization using the formula: Table 5. Step 2: The second step is to calculate the composite desirability based on the given formula. 
∑
. The composite desirability data is reported in Table  6 . Step 3: The third step is to determine the optimal condition based on highest composite desirability index. Since we have only a single response is calculated it by squaring the WDI i.e. w1 is taken as 2. The obtained optimal conditions are provided in Table 7 . Step 4: The last step is to calculate the value from experimental validation for confirming the optimality.
Experimental validation
Test was carried out at the predicted optimal parametric conditions, i.e. for Pw= 3 bar, Pa = 2 bar, plate thickness= 4 mm and nozzle height =180 mm. The procedure to compute the surface heat transfer coefficient (HTC) was followed. In the repeat experiment at the optimal conditions, the HTC was found to be 5778.93 W/m 2 . 0 C. Comparing this data of HTC with the primary data given in Table 3 , test number 15, cofirmed the experimental validatity with a small deviation of 0.07 W/m 2 . 0 C. This deviation might be due to experimental error.
Conclusion
In the current research, optimization of the heat transfer coefficient of a heated steel plate by air water spray impingement cooling has been investigated with the predicted optimal conditions. Each of the process parameter has significant amount of influence upon the HTC. From the surface contur, it was very clear that HTC can be enhanced by maximizing the water pressure and minimizing the air pressure and plate thickness. The optimized value of the heat transfer coefficient under predicted optimal conditions found to be 5778.86 W/m 2 . 0 C. This data had good experimental validation.
